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Abstract. Soilborne pathogens are very destructive in greenhouse-grown vegetable crops and one of the most 
limiting factors to farmer’s income. Their management worldwide has been based on pre-plant soil fumigation 
with methyl bromide, a compound whose phase-out procedure was initiated in the Montreal Protocol (1992) due 
to its hazardous effects on the environment. All the current methyl bromide substitutes and control measures for 
controlling soilborne pathogens in greenhouse-grown vegetable crops have limitations, compared with methyl 
bromide. The alternatives to methyl bromide should be based on an integrated crop management approach, 
implementing and alternating powerful control measures such as soil disinfestation with soil fumigation, 
solarization and steaming, and the use of plant resistance. Other control measures such as the use of commercial 
formulations of biological control agents, the incorporation into the soil with organic soil amendments and 
cultural practices such as rotation, bare fallow and farm hygiene are less effective than soil disinfestation but 
they usually suppress the development of soilborne diseases.   
 
INTRODUCTION 
 
Soilborne pathogens are very destructive in vegetables crops and one of the most 
limiting factors to farmer’s income. Their management worldwide has been based on pre-
plant soil fumigation with methyl bromide, a compound whose phase-out procedure was 
initiated in the Montreal Protocol (1992) due to its hazardous effects on the environment. 
Methyl bromide is probably the only fumigant that is effective against nematodes, weeds, 
pathogens, insects and rodents. Since 1972 the consumption of Methyl Bromide has started in 
Romania in Greenhouses.  
Small quantities of Methyl Bromide are also used in grain storage (all storage uses 
were covered by the domestic production). The treatment of the soil with Methyl Bromide 
was used only in large commercial farmers.  About 107.72 tons of MB have been used in 
2003 for agricultural uses in Romania (79 tons in greenhouses vegetables crops and 28.72 
tons for  grain fumigations). However, MB has been classified as a chemical that contributes 
to depletion of the Earth’s ozone layer. Ozone depletion increases UV-B radiation, which has 
been linked to skin cancer, eye cataracts and degradation of the immune system. Recent 
studies indicated that bromine derived from MB is 50 times more effective at destroying 
ozone than chlorine from chlorofluorocarbons. Methyl bromide reaches the stratosphere 
through emissions from agricultural use, from burning of biomass and leaded gasoline, and 
from the oceans.  Recent data on the loss of MB to the atmosphere indicate that of the total 
amount applied for soil fumigation, up to 90 % is lost to the atmosphere. It has also been 
shown to have hazardous effects on human and animal health. It is toxic to the central nervous 
system and damages lungs, kidneys, eyes and skin.  According to Montreal Protocol (1997), 
methyl bromide, as an ozone-depleting compound, has been scheduled to be phased out of 
production, importation and use as an agricultural chemical in developed countries by 2005 
and in developing countries by 2015. In Romania ,the use of Methyl Bromide in soil 
treatments for plant protection (fumigation applications) is banned from 2002 January 1st and 
the use of Methyl Bromide in storage applications is banned from 2005 January 1st (Gov 
Ordinance no. 89/1999, approved by Law No. 159/2000, art. 9) . Research has therefore been 
focused on finding effective alternatives to this fumigant in order to control soilborne 
pathogens.  The aim of this study is to describe the current methyl bromide substitutes for 
controlling soilborne pathogens.  
 
RESULTS AND   DISCUSSIONS 
 
 During the last five years, the research was focused on investigating methyl bromide 
alternatives for controlling soilborne pathogens, mainly in greenhouse-grown vegetable crops. 
These substitutes have been based on using other registered chemical compounds, biological 
control agents, or physical and cultural control measures.  
          Chemical methods   
Chemical compounds have provided great benefits to agricultural production or many 
years. During the last ten years new fumigants such as Dazomet  and 1.3 Diclorpropen 
introduced and in many country registered. The post-planting pesticides can be applied during 
cropping system, as their phytotoxicity is usually low, in order to control specific soilborne 
fungi and plant parasitic nematodes .  
Soil fumigation 
Even without MB, fumigation will remain an important control measure for 
greenhouse-grown vegetables. A small number of soil fumigants are currently available and 
considered as possible alternatives to MB. These include chloropicrin, 1,3-dichloropropene 
(1,3-D), formaldehyde and MIT generators such as metham sodium and 
dazomet(table1).These fumigants are used individually or as mixtures to achieve optimum 
control of soil-borne pathogens. While these fumigants do not cause depletion of stratospheric 
ozone, they all have limitations in activity or versatility as soil fumigants.   
   Table 1.Fumigants - Methyl Bromide substitutes: spectrum of activity   
The list of chemical alternatives that are being registered in Romania are MITC 
(Metam Sodium), 1,3 dichloropropene + Chloropicrin and Formaldehyde.Efforts are also 
being made to increase the efficacy of existing fumigants and reduce their effects on the 
environment by improving application methods. Covering fumigant-treated soil with virtually 
impermeable plastics (VIP) has been shown to reduce fumigant emissions and increase their 
efficacy, even at reduced rates.The fumigant application by drip irrigation, which can be 
easily adopted into greenhouse vegetable crops, has been shown to increase the soil 
fumigant’s efficacy.   
Post-planting fungicides and nematicides 
In contrast to soil fumigants, the post-planting pesticides can be applied during 
cropping system, as their phytotoxicity is usually low, in order to control specific soilborne 
fungi and plant parasitic nematodes (Cadusafos,Oxamyl,Fenamiphos). Fungicides can provide 
excellent management of some diseases, but for others they may be ineffective. In general, to 
control root diseases, broad-spectrum fungicides should be applied as a drench on a 
Soil fumigation             Nematodes         Fungi       Weeds          Insects         Bacteria               
Chloropicrin                          + +           + + +           + +  + +                  - 
1, 3-dichloropropene    + + +                         +            +   + +                  - 
Formaldehyde                        +                                + + +                     -                   -                    + + + 
MITC       + +           + + +           + + +           + +                  - 
preventative basis.  An application of additional water may be necessary.The combination of 
soil fumigation and post-planting pesticides could provide effective control of soilborne 
pathogens but the cost of a such approach should be carefully considered at the beginning of 
the crop season (table 2). 
                 Table 2. Post planting nematicides-Methyl Bromide substitutes : spectrum of activity   
Name Weeds Free Nemat. Cyst Nemat. Fungi Bacteria 
Vydate     - + + + + + +        -         - 
Nemacur     - + + +  + + +       -        - 
Rugby     - + + +  + + +        -        - 
 Kill-off of the harvesting plants 
The application of soil fumigants at the end of the crop season and when the crop is still 
productive could drastically decrease the soilborne pathogen inoculum. An experiment has 
been recently conducted in our pilot greenhouses in order to investigate an integrated 
management approach for managing the soilborne pathogens, mainly root-knot nematodes 
(Meloidogyne spp.) in the tomatoes crop . In this experiment, the application of 1,3-D through 
the drip irrigation at the end of the crop season, followed by soil disinfestation with a 
combined formulation of 1,3-D and chloropicrin reduced considerably the RKN inoculum and 
increased the crop health and performance of the following crop.  
Non-chemical methods 
Non-chemical techniques  include soil pasteurization by steam treatment or solar 
irradiation,cultural practices that reduce cumulative plant stresses thus decreasing the risk 
ofdisease outbreaks in crops and soil management methods which increase biodiversity and 
competition in the soil under crops (Littke 1994a, Littke 1994b) and biological controls which 
result in pest suppression(table 3). 
        Soil steaming 
  Steaming is a basic approach to soil disinfestation and was developed at the end of the 
19th century. It is closer to solarization since the main principle is to raise soil temperatures to 
levels that are lethal or injurious to plant pathogens. Steam is generated by steam boiler and it 
is directed into the soil at 30 – 50 cm depth by pipes.  The soil is covered with a heat resistant 
plastic in order to preserve heat in the soil as much as possible and to improve the efficacy of 
the treatment. Various steaming machineries have been developed during the last two 
decades. The advantages of steaming is that it is a quick method and highly effective against 
almost all soilborne pathogens. However, the expensive equipment need to be introduced in 
the production unit and the high cost of its application are most limiting factors for its 
commercialization on a large scale in greenhouse production.  
Solarization 
Solarization can be defined as a soil disinfestation method by using a hydrothermal 
process where moist soil is incubated under a transparent plastic sheet during hot weather in 
order to raise soil temperatures to levels that are lethal or injurious to many soilborne 
pathogens. Soil solarization, a technique using clear-plastic tarps to trap solar radiation, can 
heat the soil profile to temperatures that effectively suppress soil-borne pests in areas with 
sufficient levels of solar radiation. Under normal conditions, soil temperatures in solarized 
soils range from 35-60°C, depending on soil depth, while most soilborne pathogens, as 
mesophylic organisms, are unable to grow at soil temperatures above 32 - 37°C. Therefore, 
the main and direct effect of solarization is the high and lethal soil temperatures achieved by 
soil mulching with plastic sheeting.  
In many cases, solarization increases plant growth and performance of vegetable crops 
even in the absence of major soilborne pathogens. Many studies have been shown that the use 
of solarization during hot months could effectively control many vegetable soilborne diseases 
caused by Verticillium spp., Rhizoctonia spp., Pyrenochaeta spp., Fusarium spp., Sclerotium 
spp. etc. Solarization is also effective against many annual and plant-parasitic weeds 
(Orobanche spp.). Solarization seems to be less effective against plant-parasitic nematodes, 
since these organisms prevail at deeper soil depths where soil temperatures are lower. The 
most limiting factors for solarization are its reduced effectiveness against major plant-
parasitic species such as Meloidogyne spp, the long time needed for its application (6 – 8 
weeks) . and its limitations to the warm months of regions  with hot climatic 
conditions(Dobrogea, Muntenia South,Olt,Dolj,Mehedinti). 
            Table.3 Non- chemical Methyl Bromide alternative – Methyl Bromide substitutes: spectrum of activity   
 
Cultural practices  
 Cultural practices, such as farm hygiene, flooding, bare fallow and or incorporation of 
organic soil amendments can contribute significantly to suppressing soilborne populations. 
Flooding the soil, before planting, can reduce Meloidogyne spp. populations.The 
incorporation of organic material, such as composts, manures and sludge derived from plant, 
animal or human wastes, have been demonstrated to control soilborne pathogens by 
stimulating soil antagonistic microorganisms. A disadvantage in incorporating organic 
amendments into the soil is the high volumes of material required. Sanitation is key for 
controlling pests in greenhouses. The goal of sanitation is to eliminate all possible sources of 
the pest. Weeds inside and near the outside of the greenhouse can harbor pests. Plant debris 
from previous crops can also be a source of both immature and adult pests.Ideally, the 
greenhouse should be thoroughly cleaned and left empty for one week prior to beginning the 
next crop. This enables removal of all pest stages, and starves any remaining adults. Closing 
up the greenhouse when it is empty in summer will increase the temperature and help 
eradicate pests. Rotation of non-host plants with plants susceptible to specific pathogens 
decreases the pathogen inoculum. However, crop rotation is of limited use for pathogens with 
wide host ranges such as Meloidogyne spp.  
Plant Resistance 
Plant resistance to pathogens can be defined as the ability to lessen, inhibit or 
overcome the attack by a pathogen. Resistance may have minor, moderate or large effect and 
these expression levels will largely determine the disease development.  Plant resistance has 
been found and developed to many soilborne pathogens such as Fusarium spp., Verticillium 
spp, Pyrenochaeta spp., Meloidogyne spp. etc. Plant resistance is also environmentally 
friendly and sometimes less costly than chemical control. 
Resistant varieties: Resistant crop varieties are used worldwide as a control method 
for soilborne pathogens. They have the advantage of providing long-term suppression of 
major soilborne population densities. The level of resistance gene expression may also be 
modified in the plant according to its genetic constitution, environmental effects and the 
Non-chemical 
alternatives         
 Nematodes    Fungi   Weeds    Insects 
Soil stiming         +++       +++        +++        +++ 
Solarisation         +++       ++        +++        ++ 
Cultural practices         ++       ++        +        + 
Resistant varietis         +       +         -          -     
Grafting         +       +         -            - 
Biological control         +       +         +         + 
Substrates(soil 
substitutes) 
        +++       +++          +++         +++ 
virulence status of the pathogen population.  For example, Mi gene expression is sensitive to 
soil temperature, with almost complete loss of expression at or above 28°C.   
Grafting: Commercial susceptible varieties grafted on rootstocks resistant to soilborne 
pathogens is another one technique used as an alternative method to methyl bromide.  For 
example, susceptible tomato cultivars could be grafted on resistant rootstocks.  Recent data 
showed that the grafted tomato crops provided higher yield than resistant varieties, probably 
due to the vigour rooting system of rootstocks. A limiting factor of the grafting technique in 
vegetable crops is that the compatibility between the rootstock and scion should be previously 
tested.The most disadvantage of the grafted plants compared to resistant varieties and other 
control measures is their high cost, which might be double or triple than the price of a 
susceptible plant.  
Biological control 
The recognition of suppressive soils in which biotic factors prevent soilborne 
pathogen multiplication on susceptible crops has demonstrated that the biological control of 
plant pathogens has potential as a management strategy. The greatest success in the biological 
control has come from the use of bacteria and fungi that trap or parasitise the plant pathogens. 
Trapping fungi such as Dactylella candida,  parasitic fungi such as Paecilimyces lilacinus, 
Pochonia chlamydosporia (formally known as Verticillium chlamydosporium) and parasitic 
bacteria such as Pasteuria penetrans and Bacillus firmus have been shown to suppress 
nematode populations.                                                 
          The composts contributed positively to soil fertility and disease suppression, but further 
development of the technique is necessary to increase consistency of results within and 
between different types of compost.A disadvantage of the biological control is that it is a 
slow-acting method but it may be effective in the long term, especially when combined with 
other control measurements.  
 
An Integrated approach to control soilborne pathogens in greenhouse-grown vegetables  
The limitations of all the promising MB substitutes force for the adoption of an integrated 
approach in order to effectively control soilborne pathogens.  A such approach is described 
below: 
      Identification of soilborne diseases in the greenhouse site by the help of governmental 
of 
private extension service. 
Killing off of the previous crop at harvesting stage by injection a soil fumigant through the 
drip irrigation system. 
Removing all the rooting debris from the soil. 
Incorporation of organic soil amendments such as compost to enrich the greenhouse site and 
promote soil suppression.   
Soil disinfestation immediately after the end of the crop season by using combined 
formulation of soil fumigants alone or in combination with soil solarization or steaming. 
The use of resistant varieties or rootstocks should be preferred, when this method is 
applicable.  
Early identification of specific soilborne diseases developed throughout the growing season 
and appropriate post-planting pesticides should be used for their control.  
Good hygiene in the greenhouse, and correct use of the irrigation and fertilization schedules 
will help the plants to withstand with plant diseases. 
 
                                                                
CONCLUSIONS 
 
All the current methyl bromide substitutes and control measures for controlling 
soilborne pathogens in greenhouse-grown vegetables crops have limitations, compared with 
methyl bromide. Furthermore, the investigation of a single chemical compound as powerful as 
methyl bromide may cause disaster and unpredictable effects on the environment and human 
health. Therefore, the alternatives to methyl bromide should be based on an integrated crop 
management approach, implementing and alternating the various control measures described 
in this work. Soil disinfestation with combined fumigant formulations alone or in combination 
with soil solarization and steaming, and the use of plant resistance are powerful tools for 
vegetable growers in order to significantly reduce the soil inoculum. Some other control 
approaches such as the use of commercial formulations of biological control agents, the 
incorporation into the soil with organic soil amendments and cultural practices such as 
rotation, bare fallow and farm hygiene are less effective than soil disinfestation but they 
usually suppress the development of soilborne diseases by reducing the inoculum population 
in the soil. It may be concluded that, at present, the adoption of an integrated control 
approach, adopting an implementation and an integration of soil fumigation, solarization, 
steaming and the use of plant resistance in combination with crop rotation, farm hygiene and 
other cultural practices serve as an alternative method to methyl bromide.  
 
BIBLIOGRAPHY 
 
Littke,W.,1994a, (November 13-16), Methyl bromide loss: Meeting resource management goals through 
sustainable forest seedling production using alternative treatment strategies,International Conference on Methyl 
Bromide Alternatives and Emissions Reductions. Kissimmee, FL.  
Littke.,W.,1994b, (December 5, 7 and 13), Personal communication, Forest Pathologist, Weyerhaeuser 
Company. Washington.  
